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BEANTCIR 48, W b bR 28, 4 [0l 5250 %5, B A VK AR Y
4 CLRAIF
1.2 EFEE

k2 £ 40 T %) 0 B % Ak 7 1 R R B R
LUV R 5 g, MgSO, - 7H,0 0.5 g,Na,HPO, 2 g,
CaC0, 0.1 g,FeCl, 0.005 g, 8 K A #) 1.0 g(HI KA
¥t 1000 B, LB KRR, R B3
TR vh e, 2B Hovh i ml v M 0 8, e ) B
T),ZBEFKILOL,

HER ER 40 T 52 0 B % 2 - A UG AR O R
10 g,MgSO, - 7H,0 0.5 g,CaCO, 1.0 g, (NH,),SO0,
1.0 ¢,NaCl 0.1 g, 7% 0.5 ¢,K,HPO, 2.0 ¢g,pH
7.4, 5B FK 1.0 L, ff 0 5 5 k. ERE 10 g, Mg-
SO, - 7H,0 0.5 g,CaCO, 1.0 g, (NH,),S0,1.0 g,
NaCl 0. 1 g, #8 0.5 g,Na,HPO, 2.0 g, 8 K 1 4}
10 g (KA, Zb ¥R J5 6] ), pH 7.4, 8 1K
1.0 L,
L3 FEMNFEFKXA

Taq B4 B . pMD19-T 2% 1A DNA Marker T4 &
FEWg PCR =Wy alifbolon & B B TAEY) T/
FORNMR 55 A R R, 51906 B DNA I iy | i 0
B W) AR A BR A W) 58 i, A 3R Sy [ 40 i
afi, HIKAL PCR {14 H Bio-RAD /23 &], 5 4h 7] I
SRR T A B A
1.4 RSB KRG

SR P B U A S AR o 1077 107010 70 = A4
VR JEE A TR ) R R VU A ) ek R R A T D O
FrHE 1,30 CHEFR 3 ~4 d, PREDE (& B R R
26 H 1) KB G v, AT Al ) e i d , e 52 047 3
UK, () B T S B W 58 TR T A B, L R AR AR Al R
1.5 MEENEN

PR B 3% o Bl W 4% 5% B Rh & D )
50 ml/250 mlff #0420 55 95 3,30 °C 180 r min ™' %
IREGFE T do BN A5 it 36 b1 11 % AL 38 A A
WY 3 AN EE

R TR AR ) A 3 R it B0 R 0 DN S+ i TR VAR 110 Ak P
K AR AL o UK 8 A B, P A
B 5B TR R SOEIEAL (ICP-OES ) Il i H o i 8 15
T SRS T SRR X B

_Pi ~Po
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P, a Sy B RCER AR X B R (% ) 5p, AR b
RS (mg L1 (BEH) 3y FHRE S i sl 4 3 i
(mg L7") (BKIEH) .

x 100 %
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TR 25 P AR B A A S5 5 - 2 BROSCR [9 ] % B
PRIEAT I 25 W4 0 A B A A1

[ Bk 16S rDNA S5 R & 7% PCR 94 74 #k
B 16S tDNA, £ 16S rDNA @ H 5[4 27f. (57 -
AGAGTTTGATCCTGGCTCAG - 3’ ) 1492r; (5’ -
GGTTACCTTGTTACGACTT - 3 ), ¥ # & &
(25 wl): 10 x Taq buffer 2.5 pl, Mg** (25 mmol
L™')2.0 wl,dNTP(2.5 mmol L™') 2.0 pl, 5 #(25
pmol pl™') % 0.5 pl, Taq i 0.3 pl, ddH,0 17.2
wlo JOR £ :94 C H A4 5 min, 94 C A5k 30 s,
52 CiB K 30 5,72 CHEAR 90 s, fiFFF 30 U, 72 T
AKFEAH 10 min, 10 CEHE 10 min,

PCR =¥y 28 [l Wil R @ alife, AR5 647 T - A
SORE , PRICBA R S b 1 3% B S IR AR M H R A IR A
FHEAT IO, MO 45 SR #2 52 Ribosomal Database
Project( http://rdp. cme. msu. edu/) %45 J&E b #E 47
Fr 50 He X o3 dr, 1k IR R R B 0 B, A ]
MEGA4. 0 %k, 3£ F 48 4% ¥ ( Neighbor Joining meth-
od) F HL TR Bk R 48 K B IR .
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AN T BRI TE AL ER B P Ak + B A fige 0
B 7 FE AR il B R P A A R L RERE R ME LK
W FUBE AT IR R TE R R L A 2 o o AR B
FREEP R BRI, AR 1% s B R BEREE VR
T TR PR A R B R 2R o3 ol A B R Ak b i
P AN 0. 1% 5 FH 4 R B L S AL 8 L S AL B B
PRA P OWEIR A B SR B B R AP R R B O
SR B I8 B b BT A TE AL N A 0. 05% ;
B ge S 2 W B 50 ml/250 ml, 4 Fh B 7%,
30 C 180 r min " JE R H 5% 48 h, A A AE LR 3 A
HE B TR IR OD g L, 75 ) F A Bl U5 L 208 A T
PLER

AR IR R TEALER Y ok B O AL < 2k T A2 O
ik B0 4% I B AR e it 3 R R | B S AR AR U A R B
0.5% . 1.0% . 1.5% ; A=A BEWHEE R 0.1%
0.2% .0.3% 0.4% .0.5% ; e £ TC WL EE (19 W B2y
0.01% .0.05% 0. 1% ; 3% 3% & 14/ 50 ml/250 ml,
B 7% ,30 °C 180 r min ™' #E PR &% 5% 48 h, AF A4
AR 3 ASE A, K 0D , 15 H e R IR LA
PR FNTCHLER 1) 52
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HAKKK 3N EE,
1.9 HiEAbE

FH IBM SPSS Statistics 19. 0 4t i 8% {4 %} 22 56
BERMEATGAT T .

2 AR5

2.1 fRMAEKEIE

M TR 5 240 a1 4 77 S Al b 0 20 0 0k 21 52 #k
B, DA SRR R S T PR T 28 K A R B R 12 Bk
WL R a4 Gl - Gl12,

Xof WU A 12 W TR R AT A R R, I S T A
PRCR 12 BREE I RCRTE 3.89% ~27.62% 2
], G4 B fig PR R fe v, M 27.62% o 5 &
AN B v 3 Y 2F ORF T QL21 (Y fie £ R
25. 1% , Kk WAF NE B 3R I 40 B 2 Rk
#K29.8% K1 25. 4% A0 2, [H BLLE £ R bk G4 A 9 flF
FER R, TR S .

2.2 EHGIMETE

TR AR G4 70 ik B2 £k 20 11 15 7 Ak b A9 TR 7% B T A
JEARWE 1, G4 Wk EFEIE, %5, &N,
TR I I D SN T A
22, S LRGP, BARNE RE 7 A i
T MMAL R IERE . G4 Ay BRAE AR AR PE LR 1,

Xt bk G4 HEAT 16S tDNA f) PCR §44,0. 75%
T N W R S L UK B, A5 I — 4% 1 600 bp A5 A5 (9 5%
i B L A3 5] 1575 bp BRI, A4 B R AL
Genbank , 3k 15 & i 5- KC465416 , 1% i1 Ribosomal Da-
tabase Project 4 ¢ , ' 43 [m] Y5 14 45 s 19 7 410,
MEGA4. 0 3 T 4B 82 1% ( Neighbor Joining method ) 4
HEWARG L TR (LE2), TUER G4 5
Paenibacillus sabinae T49 (DQ338446) R F [6] — 1~ 4

T FEFIA AL E IR 99% |, 45 A T 24 WSS AR B AR
TRt , G4 W1 20 %58 O 28 2F AT 18 & ( Paenibacillus
sp. ) MR , IR bR 5 7 SO A5 A0 s B — A T T
o AL AR TR

XF TRERREL A T A R G R E Sy 2 r, B R E
BR 2 AR A R T o 2 6 5 < 5 2F S AT 1T ( Ba-
cillusmucilagionsus) 7 SN ZE 1 AF 5 ( Bacillus cir-
culans) ™ |+ HEFE AT B ( Bacillus edaphicus) '™,
{E T B 4E [5] P A1 27 25 43 B9 1 ik 1Rk 20 T A0 2 3
ZREVE SR N A KA B X A 4
RS , 208 T 27 f0FF 8 (Bacillus sp. ) (5 %078
J& (Azotobacter sp. ) S AT B J& ( Microbacterium sp. ) ;
S LA N ZE B ML PR 8 b oy B ARAS T MR A AT Rk
JIEGR B E R, 23 & T T AR AR R 8 ( Sinorhizobium
sp. ) IR R 8 (Rhizobium sp. ) A8 4= AR & (Me-
sorhizobium sp. ) \Ji £2¥1 & J& ( Flexibacter sp. ) Fl &
B it % )& ( Pseudomonas sp. ) ; Hu %[131 MHTIT 4 R
FILL 73 25 0 1 3] 2 R fie 40 AT, 289 Jm T M BT 28 25 S AT
W ( Paenibacillus mucilaginosus ) . it ¥ & 75 3¢ B 5
EFMRGREE L2, R AR TP fEEE +
I A 0 B TR, A O R B B R ik 2 e (it R A
Tt AL ) B g A R T AT
2.3 Btk G4 EREMRL

I Ta) B 8 B e A B v P ) Ak o FE ARy 8
T b, G4 72 LA M BRI, A 1 fe i, K
JETERY, WA R 2E (p <0. 01, LA 3) itk il IR
th G4 X BURE I Z2 0 1) R 80 S5 BB i . TEIEFE
2 DFWEAE Ry i B DR N, 2 MR B 1. 0% I, G4
B A KRR 4 (p < 0. 01, WLIEl 3) , Bk Y6 vk J3E 3
R AR AN T O W R A o AR R R R
TCARUE A 4 A ) B Ak 78 J2 19 BB &, T 1 1) Bk 9
WRE R 5 T3 IR A B2 & I, A A TR Y R
25N N

Bl L BBk G4 7ERERR TR AN B 4G R 5 LI REIE S S R IRE S

Fig. 1 Morphologies of G4 colonies and cells on Si medium
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Table 1 Physiological and biochemical features of Strain G4
AL 4R FHIE 4R
Feature Result Feature Result
W 2R 50 (4% ) Sugar fermentation test + FERAL E I E Hydrogen sulfide test —
L2138 56 Methyl red test — IR fiff i 42 Urease test —
V. PR 5 V. P test — i E AL AR L Catalase test +
W WAL IR 5 Gelatin liquefaction test - HAAHGE S Oxidase test *
VEH K f# 3R 56 Starch hydrolysis test + DRSNS I EE  Lecithinase test +
P RE R #h B F IR 56 Citrate utilization test + 5 K 4 Indole test -

53
Pae

68
100

99

92

Paenibacillus sabinae G18-7(DQ338448)
Paenibacillus sp. CQ-X(HQ645964)
Paenibacillus durus NBRC16645(AB681099)
Paenibacillus sabinae T49(DQ338446)
G4(KC465416)

Paenibacillus forsythiae T98(DQ338443)
Paenibacillus sabinae T27(DQ338444)
Paenibacillus fujiensis (AB480884)

nibacillus fujiensis (AB092351)

Paenibacillus sabinae JD2(DQ338447)
Paenibacillus sp. NBRC 100734(AB681240)

Paenibacillus durus LMG14658T(AJ251195)
L0 Paenibacillus durus (AB073195)
Paenibacillus durus ATCC 35681T (AJ251192)
Paenibacillus durus Med01-51 (JQ436900)

Paenibacillus durus Med01-54 (JQ436898)

921 Paenibacillus durus Med01-55 (JQ436899)

N

Paenibacillus mucilaginosus (AF006077)

Paenibacillus edaphicus (AF006076)

0.01

2 FT 16S tDNA

Fig. 2 Phylogenetic tree of Str.

AN R B e R R iy pe Al o AE I 6
PRI, G4 12 LU H I O BRI 2R K de i, R
SRR R FE 2% (p <0.01, WL 4) , th b vl LI AR
G4 XA LR H R T IOHLR . 7R FE R H
JRAE S o A A, 2 LR BB O 0.2% I, G4 | A
KARBL et (p <0. 01, ILE 4)

AR TCHL#h Je e AR TP e B2 g dl k. 7 3t
Uy 8 F G HLER H , G4 78 LU R A — 8 o JCHLER

Bacillus circulans ATCC 4513 (AY724690)

FI B bR G4 B R G0 & AW

ain G4 based on 16S rDNA sequences

mf, AR A R ORI A N, AL A R 2% (p <
0.01, WL 5) . 763k 80 iR & — 8 hy e T LR
Bf, SV B 0. 05% B, G4 1 A KRB e i (p <
0.01, L 5),
2.4 HEGAEFEGMRL

PEPERG IRIRE R i SR R R0 b pH
A A R, B A R B Al KO£, X R
PR G4 HEATHE 37 45 10 20 = AR Ak, X I 45 25088 47
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¥ ERARFR/NG FRERRERBE<0.05), RRKEFRERRERLBE@P<0.01), T Note: Different lower-
case letters in the figure represent significant differences (p<0.05). Different uppercase letters represent extremely significant diff-
erences (p<0.01). The same blow

B3 AN [l e 5 B 22 2 A [) Y S8 X TR ik G4 A i i)

Fig. 3 Effects of carbon source and concentration of Maltose on growth of Strain G4

Ler A -
14} j7 "
12+ bB ?
1.0 cB cB cB
S08}
o
0.6
0.4t dc
02} %
0 : : . L L L . '
4 =1 MEREE  RHERET  BEREE RE 0.10 020 030 0.40
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Fig. 4  Effects of nitrogen source and concentration of peptone on growth of Strain G4
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s12f s12}
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°© 08| o o8t z
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o A’ O N Y. 7 02 . .
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MR S Bk J¥ Dipotassium

hydrogen phosphate concentration (%)
FeALER Inorganic salt

K5 N ETEHLER KRR | AR AN Rk BE X I R G4 AR R R

Fig. 5 Effects of inorganic salt and concentration of dipotassium hydrogen phosphate on growth of Strain G4
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il ALY
00 77, wlA A . 9.9, 0
’ 20 25 30 35 40 ' 40 60 80 100 120 140
35V B Incubation temperature (°C) 33 & Medium volume (ml) 1320 ] Incubation duration (h)
0.8 0.8
0.6 B L A 0.6
soalac B B D g @© g
8“504 > ? g ? ? g ? 860.4 g
2t 1 A 0 U 9 7 02 %
7B/ 1 U 7 %
Wwana.6.9.94 ., L. 9.7
55 6 65 7 75 8 85 ' 1 3 5 7
WkpH Initial pH $#%Fh & Incubation rate (%)
B 6 RERE IR AR BB G4 A=K 1 52

Fig. 6  Effects of incubation conditions on growth of Strain G4

R A5 B DR 38 S 00 45 R R R 3 1 TR 2 R K -
(W 2) , HIESCIRE Ly (37) X G4 Bk i 55 57
SR (BE SRR W R KR R A W) 4R pH | 2
i) HEAT AL, RS AL B 3 AN A S i A a0
SPSS19. 0 YEAT 7 2430, 45 W52 3. h &4l 1
AN DR R S 56 45 S 5 1 A 55 00 A« C (85 3R i
[[]) >A(EEFRIREE) >D(WIh pH) >B( W) >

=24
W

x2

1
; 4

E(EMa) 8GN RR IR ECRA ) W1F,
FtR G4 (W B BRI IG 72 55 &4 A,B,C,D,E,,
s v B 80 m1/250 ml, 8% 35 3R BE 25 °C, 3 Fh &
T% 35 FRWI ] 48 h, ¥ 4h pHT7. 5. 1E 32 i 50 45 R
SRR AW RAELES, WA FRFEER
RZMFAEEZLEAER, E22 545 58 B A Ul
& 71 .

REBEEHEXTXBEERMK TR

Table 2 Factors and levels designed for the orthogonal test of G4 for incubation condition

7K

2 Factor

Lovel B IR R R B IR 18] w1 4f pH e i i
Incubation temperature( °C )  Medium volume (ml) Incubation duration(h) Initial pH Incubation rate( % )
1 20 60 48 6.5 5
2 25 80 72 7.0 7
3 30 100 96 7.5 9
xR3 EXRBWHFESN
Table 3 Variance analysis of the results of the orthogonal test
bt T 24575 A ¥ 75
df F Sig.
Source Type I Sum of Squares Mean Square
KA Corrected Model 0.125a 10 0.012 23.909 0. 000
HRE Intercept 15.973 1 15.973 30 626. 593 0. 000
Ab 0. 035 2 0.018 33.555 0. 000
B? 0. 004 2 0. 002 3.763 0. 031
c? 0.071 2 0.035 67.976 0. 000
DY 0.013 2 0. 007 12.475 0. 000
E> 0. 002 2 0. 001 1.776 0.182
"2 Error 0.022 43 0.001
it Total 16. 120 54
1 1E B4 B3t Corrected Total 0. 147 53

1) A 53R F Incubation temperature;2) B %% ¥ 5 Medium volume;3) C . 1% 3%} ] Incubation duration;4)D .

Incubation rate

¥4 pH Initial pH;5) E . 4% Fh &

http : //pedologica. issas. ac. cn



2 38

TR < — b O T ) M % R R AR 387

3 45 ®©

ASHIFFE T PG 2138 SR A G 10 3] — ik A 410 200
o 27. 62% I iR A BT B PR G4 20 M E D K2R A
FF & (Paenibacillus sp. ) s ¥ Z i 50 5 1E 20 i 5
A A1 Rk G4 T tE R B A 1F N A2 20 HE 1%
HEWRO0.2% WA 81 0.05% IR JE 25 C |
W hh pH7. 5 25 W = 80 ml/250 ml K5 FE BT [A] 48 h,
HERRE 7% o MR I 2R AR AE 52 06 2 20 0L
TSR 5 B R, I AR 25 18 A ) AL, T bR 4 2 1
BISBR A O N 2R G P A 5 TN R TR R IR B
BRACR 89 /T 52 8, 16 R A JRORE A5 8 A 8% SR 2%
7 MR B AR P s R . G4 B S 8 £k
ATt 1, oA A ok e ] sl 0 - SRR I — b R AT A G

2 % X
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ISOLATION AND IDENTIFICATION OF AN EFFICIENT STRAIN OF
POTASSIUM-DISSOLVING BACTERIA AND OPATIMIZATION OF
ITS INCUBATION CONDITION

Li Xinxin' Gao Xinxin' Chen Xing® Lu Weihao' Dong Caixia’ Cui Zhongli' Cao Hui''
(1 Key Laboratory of Microbiological Engineering of Agricultural Environment ,Ministry of Agriculture ,Microbiology
Department , College of Life Sciences, Nanjing Agricultural University ,Nanjing 210095 , China)

(2 School of Geography , Beijing Normal University , Beijing 100875 , China)

(3 College of Resources and Environmental Sciences,Nanjing Agricultural University , Nanjing 210095 , China )

Abstract In seeking for alternatives of potash fertilizer, a strain of potassium-dissolving bacteria coded as G4 was
isolated from the red earth in Jiangxi Province. The strain of bacteria is very efficient in dissolving potassium, reaching
27.62% in potassium dissolving rate. G4 was tentatively identified as Paenibacillus sp. based on its morphological, physio-
logical and biochemical features and its 16S rDNA sequence analysis. A single factor experiment and an orthogonal experi-
ment was performed on the strain and found its optimal incubation conditions were maltose 1% (w/v) ,peptone 0.2%
(w/v) ,dipotassium hydrogen phosphate 0. 05% (w/v) ,temperature 25 C , initial pH 7.5, medium volume 80 ml in a
250 ml flask, duration of the incubation 48 h and inoculation rate 7% . Strain G4 is quite good at dissolving potassium,and
has the potential to be used in development of microbial fertilizer.

Key words Potassium-solubilizing bacteria; Red earth ;Isolation ; Identification ; Paenibacillus sp. ;Incubation condi-

tion
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